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Embryogenesis is an extremely robust process. This is particularly true for oviparous organisms as eggs are laid in a versatile environment and are consequently exposed to fluctuations in temperature, humidity, day/night condition, etc. While the above-mentioned fluctuations may influence specific processes, the overall impact is limited as organs are positioned at the right location and scale relative to the size of the embryo.
Most research on biological robustness focuses on studying how specific gene networks or biochemical pathways respond to variations such as environmental changes. In particular, most previous investigations recorded data on particular cells/tissues without taking into account potential outcomes on the rest of the organism. A more global and dynamic understanding on how embryos reliably develop into complex organisms despite many sources of errors is still lacking. It is important to investigate how embryos react to variations at a global scale as it is apparent that developmental processes are not isolated from the surrounding tissues.
Our goal is to provide an embryo-scale dynamic analysis of temporal variability and to compare how different processes during embryogenesis respond to environmental changes. We simultaneously image up to 60 embryos from early embryogenesis until larvae hatching. We time the stage of embryogenesis by identifying developmental landmarks. Due to the large embryo number and controlled environment, our setup enables us to study intra-and inter-embryo temporal variations. We analyzed temporal variation at temperatures from 16 to 30°C and found that there exists an optimal developmental temperature (21°C) at which the temporal variation between embryos is minimal. Furthermore, we show that temporal paths are highly correlated at high (N25°C) and low (b19°C) temperature (i.e. an embryo that develops quickly at early stages is also fast developing at later stages and vice versa). These results suggest there exists a mechanism coordinating developmental timing. The sizes of the majority of organs scale with the body sizelarger bodies require larger organs. Because all the common model organisms are relatively small, it remains unclear how size affects the mechanisms of patterning and morphogenesis. The mammalian molar tooth is a good example of an organ that scales with the overall body size. Several experimental attempts to alter molar size have led to changes in both size and shape. However, the evolutionary history of mammals shows that size and shape of molars can be decoupled during development. First, we compared development of molars in insulin-like growth factor 1 receptor-null mutant mice with growth deficiency, wild type mice and rats. These molars are relatively similar in shape but progressively larger in size. Our results show that the effects of scaling appear already during the patterning of the tooth cusps. Next, to examine how molar size is scaled much beyond the size of model species, we analysed the patterning of tooth cusps in the largest extant terrestrial mammal, the African elephant (Loxodonta africana). Developmental data and computational modelling show that the morphology of L. africana molars results from a similar iterative patterning mechanism as in the mouse, but that the patterning happens in a very large size. Our comparisons of several species show that the molar size during patterning is connected to the adult molar size through a seemingly universal relationship. This 'scaling rule' can help to unravel the mechanisms of the interplay between size and shape during molar development. The appendage-development gene Distal-less (Dll) has been proposed to play a fundamental role in patterning butterfly eyespots. In the African butterfly, Bicyclus anynana, Dll is expressed in eyespot centers during larval wing development. During pupation, Dll's expression expands into a larger disc surrounding the eyespot center, and mapping to the disc of black scales in adult eyespots. Transgenic RNAi work suggests that Dll is a positive regulator of eyespot development, where overexpression in larval and pupal wings produces ectopic eyespots and eyespots with larger black discs, respectively, while down-regulation in larval wings reduces eyespot size. To further clarify the role of Dll in eyespot development we used the CRISPR-cas-9 genome-editing tool to disrupt Dll function. We targeted two different exons of Dll; a 5' UTR region immediately upstream from the coding sequence in exon 2, and the homeodomain in exon 3. In support of Dll as a positive eyespot regulator, we found that disrupting the homedomain produced butterflies with missing eyespots. Additionally, mutants were observed with missing scales, loss of black pigmentation and truncated appendages. In contrast, targeting the 5'UTR of exon 2 resulted in butterflies with ectopic eyespots. These results mirror recent findings in another butterfly, Vanessa cardui, where CRISPR guides targeting exon 2 also produced ectopic eyespots. Together, these findings paint a complex picture of Dll regulation in eyespot development suggesting that different exons may contain different separable functions, and when disrupted lead to the development of contrasting phenotypes. Dictyostelium discoideum is a free living soil amoeba that feeds on bacteria and proliferates in large numbers as long as food is abundant. On starvation the cells come together by chemotaxis, aggregate and further differentiate to a slug comprising of two distinct cell types-the prestalk and the prespore cells. The prestalk cells occupy the slug anterior and terminally differentiate to a dead stalk. The prespore cells occupy the slug rear, and finally form spores of a fruiting body. The choice to become either a prestalk or prespore cell depends on several factors such as, cell cycle phases, cellular Ca2+ levels, nutritional status, exposure to signaling molecules etc. For instance, cells at S/G1 phase of cell cycle display high cellular Ca2+ levels and preferentially become pre-stalk cells. Whereas, cells at G2/M boundary that demonstrates relatively low cellular Ca2+ levels tends to become prespore cells. Though the social amoebae isolated so far are known to be haploid, diploid strains can be constructed by parasexual genetics. Here, we wanted to ascertain if ploidy levels play a role in cell-fate choices and for this, we generated an isogenic diploid strain using the haploid parents (Ax2 wild-type and Ax2 thymidine auxotroph). The haploid and diploid cells were mixed in different proportions after one population was selectively labeled with the stable, fluorescent, live-cell marker Carboxyfluorescein succinimidyl ester (CFSE) and thereafter, the cell fate was tracked. Independently, the haploid cell populations were transfected with plasmids that express fluorescent reporters (GFP/RFP). Reconstitution of cells with different ploidy levels suggest that irrespective of the cell proportion mixes, the haploid cells always occupy the prespore region, while the diploid cells occupy the prestalk region of the slugs, suggesting that ploidy levels are also crucial in cell-fate decisions during Dictyostelium differentiation and development. Phenotypic plasticity refers to the environmental control of phenotypes. Cues experienced during development (developmental plasticity) or during adulthood (acclimatization) can both affect adult phenotypes. Phenotypic plasticity has been described in many traits but examples of developmental plasticity in physiological traits, in particular, remain scarce. We examined developmental plasticity and acclimatization in pheromone production in the butterfly Bicyclus anynana in response to rearing temperature. B. anynana lives in the African tropics where warm rearing temperatures of the wet season produce active males that court and females that choose, whereas cooler temperatures of the dry season lead to choosy less active males and courting females. We hypothesized that if male pheromone production is costly, it should be reduced in the dry season form. We showed that dry season males produced significantly less sex pheromones than wet season males, partly due to acclimatization and partly due to developmental plasticity. Variation in levels of one of the compounds is associated with differential regulation of a pheromone biosynthetic enzyme gene. This plasticity might be an adaptation to minimize pheromone production costs during the stressful dry season. Hedgehog (Hh) signalling is crucial for the development of many animals and Hh dysfunction causes many types of birth defects and disease. Although Hh signalling is well described in several model systems, differences between Drosophila and vertebrate models means that parts of the pathway remain enigmatic. Cnidarians are the most basal phylum with a complete, functioning Hh pathway. Therefore, we aim to characterise Hh signalling in starlet sea anemone, Nematostella vectensis, to understand how the Hh pathway originated and explore how pathway components evolved divergent roles in other species. We will use a combination of bioinformatic, genetic, and molecular approaches to generate Nematostella models for the study of three significant points of interest; the differential requirement for the serine/threonine kinase, Fused, the divergent requirement for primary cilia, and the function of Cos/Kif7 as a regulator of Hh activity. Our work will contribute to understanding the ancestral function of Hh components and inform the functional study of these genes in other species. The sea-anemone Nematostella vectensis (Nv) belongs to the cnidarians, a basal outgroup to all bilaterians. In the last decade Nv has become an emerging model animal for many studies including those of developmental processes, regeneration and evolution of body structures in metazoans. We have recently performed a transcriptional screen in order to explore the amazing phenomenon of whole-body regeneration in Nv wherein we compared the oral
